The anode-cathode structure of the Z-machine wire array results in a higher negative radial electric field (E r ) on the wires near the cathode relative to the anode. The magnitude of this field has been shown to anti-correlate with the axial radiation top/bottom symmetry in the DH (Dynamic Hohlraum). Using 3D modeling, the structure of this field is revealed for different wire-array configurations and for progressive mechanical alterations, providing insight for minimizing the negative E r on the wire array in the anode-to-cathode region of the DH. Also, the 3D model is compared to Sasorov's approximation, which describes E r at the surface of the wire in terms of wire-array parameters.
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I. INTRODUCTION
The Z-machine load z-pinches a tungsten wire array onto a central low-density foam target ( Figure 1A ) to produce a dynamic-hohlraum (DH) [1] [2] [3] [4] , an intense blackbody x-ray source, for inertial-confinementfusion [5] [6] [7] [8] [9] and high-temperature radiation flow experiments [10] [11] .
The axial radiation top/bottom symmetry in the DH has been shown to anti-correlate with the magnitude of the negative radial electric field (E r in Figure 1A ) at the wire [12, 13] (outside wire for nested arrays) given by Sasorov's approximation ( Figure 1B ) [14] . The influence of the radial electric field on the wire pinch is illustrated in Figure 2 and is described as follows. At very early times, E r ( Figure 2A ) affects the axial current distribution by enhancing electron emission from the wire and generating early breakdown of the vapor surrounding the wire ( Figure 2B ). The current shunts to the resulting coronal plasma rather than remaining in the core. The wire core remains cold near the cathode creating a energy deposition imbalance between the top and bottom of the z-pinch, resulting in an axial radiation asymmetry at stagnation. A 3D model is used to evaluate E r at the wires and look for a means of mitigating its magnitude in critical regions. Section II describes the 3D model. Section III compares the 3D model of E r at the wire with Sasorov's approximation. Section IV looks at wire fixturing in general. Following sections consider the effect on E r at the wire with progressive mechanical alterations to provide insight for minimizing the negative electric field on the wire array in the anode-cathode (AK) region: section V looks at the radial electric field with wire variation; section VI, with indented cathode variation; section VII, with an anode wire cavity; and section VIII, with indented AK variation. Note, E r derivations throughout these sections do not account for interdependence of parameters.
II. THE 3D MODEL
Modeling utilizes Coulomb v6.4 [15] , a static 3D electric-field solver and analysis software. A 2D structure is modeled in r-z and swept 1.5° through θ (360°/240-wires) for a 1/240 th section ( Figure 3A ). The wire is added on the r-z center-plane of the section. Boundary conditions are set for anode (0 V), cathode (-10000 V), and wire (linear, 0 to -10000 V), and a 240 periodicity is set about z. Material is set for anode and cathode (stainless steel) and wire (tungsten). Discretizing is set at approximately 4000±1000 2D elements but increases for smaller diameter wires (10000 elements for 7 μm wire) balancing structure complexity and run time. A 35 μm wire diameter is generally used in modeling to limit the number of 2D elements and thus limit the run time. The problem is then solved (run) and analyzed with 1D, 2D, or 3D analysis methods. Discrete E r values are derived at the wires using r-plots ( Figure 3B ) passing radially through and centered on the wire with a length of two times the wire diameter and with 400 data points (dp) giving E r values accurate to 1.1±0.3 percent. E r values along the wires, z-plots ( Figure 3C ), are placed at 1/100 the wire diameter from the wire, radially outside or inside, with 300 to 3000 data points (to be addressed in section V). R-plot and z-plot E r values are in agreement by 0.15±0.9 percent at nearest crossover points.
III. SASOROV'S APPROXIMATION
Using the 3D model ( Figure 4A ), the parameters in Figure 4A , and letting z equal half of l ( Figure 4B ), the 3D radial electric field is compared with that of Sasorov's approximation for four parameters of the wire array: array diameter Ø, wire diameter Ø W , wire number N, and radial AK gap Δ (Figure 4C-F) . At the baseline (except for Ø w ) parameters (Ø= 40 mm, Ø w = 35 μm, N= 240, Δ= 5 mm), Sasorov's approximation is normalized 22 percent higher to match the 3D model. E r tracks to first order, diverging more at the lower variables from eight percent for Δ to 59 percent for N. The parameters in Figure 4A correspond to those of the baseline DH [10, 13] with exception of the wire diameter Ø W . Again, the diameter of 35 μm was selected to keep the run time within two hours. The baseline DH wire diameter is 7.5 μm. Figure 5A illustrates a typical fixture for wire arrays [16] . A single wire is drawn across the bottom of the cathode, is passed through a 50-μm wide slot ( Figure 5C ) with a 45-degree edge ( Figure 5B ) providing location and current contact at anode and cathode, and is terminated by weight at each end to provide tension. The wire runs 7.4 mm along the cathode radial surface and runs 1.9 mm along the anode radial surface where it also passes through a 125 μm wide cavity ( Figure 5B ). The hardware design was driven by the need to include an inner wire array and to provide top and bottom viewing. The resulting hardware was then slotted to provide the wire routes. Assembly procedure is also a factor in the design. A 7.5 μm diameter wire is shown magnified at the cathode slot ( Figure 6B ) where it emerges and maintains a distance of 25 to 40 μm from the cathode up to the cathode edge ( Figure 6A ). A ridge can be seen at the edge of the cathode in close proximity to the wire. This photo illustrates that the wire makes current contact at the lowest point on the wire (the cathode slot). A misalignment of the anode to cathode of 102 μm would lean the wire array making contact at the upper cathode edge and disrupt azimuthal symmetry of the radial electric field. A ridge at the edge would make misalignment proportionately more critical. A Misalignment of 25 μm is standard but it can be as much as 76 μm or more where delicate parts become elliptical with processing and alignment sleeves have to be reduced in diameter. 
IV. WIRE FIXTURING

V. WIRE VARIATION
The 3D model is used to derive the radial electric fields for wire placements and lengths ( Figure 7A ). With a fixed cathode diameter of 40 mm and a fixed 10-mm AK corresponding to the baseline DH [10, 13] , the wire-array diameter Ø A is placed at 36, 38, and 40 mm within the 10-mm AK ( Figure 7B-D) and at 40.07 mm outside the 10-mm AK where the total suspended wire-array length l A is 10, 12.5, and 17.5 mm (Figure 7E-G) . Wire placement further within the 10-mm AK results in lower radial electric field strength and more A-to-K symmetry. Wire length variation outside the 10-mm AK results in dramatic reversal of radial electric field polarity as close placement of wire to the cathode radial surface provides a positive radial electric field on the wire, greatest near the cathode radial surface upper edge. Wire length variation also provides reversal of the field polarity at the anode end of the wire ( Figure 7F , G). Wire length variation has a slight effect on the radial electric field on the wire within the central region of the 10-mm AK ( Figure 7E-G) . Z-plots within the AK start 1 mm below the cathode and end 1 mm above the anode. Z-plots outside the AK start and end with the model geometry. At the wire ends, the electric field spikes to high values. A data point on the high field spike terminates the 3D program, and so the number of data points per z-plot is limited giving a conservative electric field value for these high wire-end field spikes.
VI. INDENTED CATHODE VARIATION
Because a wire inside the AK is geometrically complex (cavities, cavity fields, parts, etc.), because the outside wire provides the tool to reverse the high negative radial electric field near the cathode, and because close placement of the wire to the cathode creates alignment issues, indentation of the cathode is now considered for controlling the positive electric field strength. Figure 8A illustrates the indentation variable I. Figure 7G is duplicated in Figure 8B for a starting point and the indentation is 0, 0.5, and 1 mm (Figure 8B-D) . The increasing indent lowers the intensity of the positive radial electric field and nulls the high negative electric field spike at the anode end with 1 mm indentation. The negative radial electric field in the central region of the AK is also reduced (Figure 8B-D) . 
VII. ANODE WIRE CAVITY
The wire cavity at the radial surface of the anode is modeled in Figure 9A . As a drastic negative electric field is expected due to the 125 μm width of the cavity, Figure 7E is duplicated in Figure 9B for a starting point. Figure 7C shows the negative radial electric field near the cathode region is now extended to the anode region and exacerbated in the 2-mm AK region near the anode. 
VIII. INDENTED ANODE-CATHODE VARIATION
To lower the anode wire-cavity effect, the anode cavity depth is reduced by cutting material away. A limit is approached as some material must remain to capture the anode wafer on the current return can ( Figure  5B ). The cavity depth is 1.9 mm ( Figure 5A ), so 1 mm is removed in the model ( Figure 10A, C, D) . Figure 8D is duplicated in Figure 10B as a starting point. The anode and cathode are indented equally from 1 to 0.5 mm (Figure 10C, D) . The null of Figure 10B is removed by the wire extension of 1 mm in Figure 10C but is over-compensated by the indent reduction in Figure 10D . A limited anode cavity of 1 mm is now added in Figure 11A . Figure 10C is duplicated in Figure 11B as a starting point. The anode cavity again exhibits its negative electric field effect extending the negative radial electric field at the cathode region to the anode region, but the exacerbated negative field is now limited to the 1-mm AK region near the anode where the indent exists. Note that the field in Figure 11B may be possible if the 45º anode slot ( Figure 5B ) were cut further down bringing the wire contact closer to the anode surface of the AK, but plasma may more readily exit through the anode slots. for reference. The number of data points (dp) per plot are indicated.
IX. SUMMARY
The practice of placing the current contact of the wire array at the lower region of the cathode radial surface is serendipity in reducing the negative radial electric field near the cathode of the 10-mm AK region, but bad shots from poor alignments and/or slack wires may result with the close proximity of the wire to the cathode radial surface. Indenting the cathode reduces this problem and improves the negative electric field at the anode slightly. Indenting the anode reduces the negative electric field as it reduces the anode-wire cavity depth. Both indented anode and cathode limit the negative radial electric field and aid in clipping high negative electric field wire-end effects from the imploding plasma. With alterations in load design affecting the radial electric field parameters, the field can be verified with a 3D model aiding final design. In conclusion, the examples given show the utility of the 3D model in exploring and mitigating the negative radial electric field.
